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298a Monday, March 7, 2011subcellular compartment that include caveolar lipid raft microdomains and
a freely diffusible Epac2-based probe. b1AR and EPR activation elicited re-
sponses detected by both FRET probes. However, cholesterol depletion only
affected b1AR responses detected by the PKA probe. These results indicate
that caveolar lipid rafts alone are not sufficient to explain the differences be-
tween b1AR and EPR responses. They also suggest that b1AR regulation of
myocyte contraction involves the local production of cAMP by a subpopulation
of receptors associated with lipid rafts.
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Ventricular Mechanics in Intact Rat Trabeculae Under High Frequency
Conditions
Jessica L. Abraham, Sarah C.W. Stevens, Paul M. Janssen.
The refractory period acts as a protective mechanism in the heart by preventing
multiple action potentials from occurring via limiting the frequency of depolar-
ization and therefore heart rate. This is extremely important because at very
high heart rates, the heart would be unable to adequately fill with blood and,
as a result, ventricular ejection would be reduced. Conversely, extremely
high frequencies above normal heart rates are relatively unstable and may
spontaneously give rise to arrhythmic episodes. In our current study, we are
attempting to examine the mechanics of the ventricle under extreme, high fre-
quency conditions. Ultra-thin trabeculae were isolated from rat hearts and
attachedbetween a force transducer and a micromanipulator. The isolated mus-
cle was stretched to an optimal preload, and the force-frequency relationship
(FFR) was established on each muscle by stimulating the muscle to twitch at
1, 2, 4, 8, 10, 15, 20, 25, 30 Hz respectively. There was a positive FFR seen
from 1-8 Hz, which covers the physiological range of frequencies for the rat,
as the systolic force increased from 18.453.3 to 3156.6 mN/mm2; however,
frequencies of 10 Hz and higher exhibited a negative FFR as the systolic force
dropped to 10.152.0 mN/mm2 at 30 Hz. In addition, the diastolic force in-
creased by 3.5 mN/mm2 from 1 Hz to 30 Hz, with an increase in diastolic force
with each subsequent increase in frequency. The relaxation time decreased
significantly from 32.351.1 ms at a frequency of 1 Hz to 22.351.1 ms at
30 Hz. This data suggests that even at extreme, high frequency conditions
that are well above the normal heart rate, the isolated rat trabeculae is able
to twitch without developing arrhythmias.
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Dynamic Regulation of Myocardium Contractility in Positive Force-
Frequency Relationship
Ying Xu, Paul M.L. Janssen.
Contractility of normal myocardium increases concomitantly with increasing
heart rate, known as positive force frequency relationship (FFR). It has been
shown that systolic Ca2þ transient amplitude is elevated at a steady faster pac-
ing frequency. However, the beat-to-beat basis regulation of a positive FFR re-
mains unclear. We were able to dissect the intrinsic impact of cycle length
changes from slower acting signaling components by using a random cycle
length approach, during which the twitch contractions of right ventricular rabbit
trabeculae at 5 different cycle lengths were randomized around a physiological
stimulation baseline. Using this novel stimulation protocol, we quantified the
intrinsic effect of cycle length on contractile strength, showing that the history
of at least 3 cycle lengths prior to a contraction influences myocardial contrac-
tility under near physiological conditions. In the current project, the random
cycle length approach combined with calcium indicator fluo-4 AM loading
were used to further understand the dynamic myocardium contractility
regulation of FFR to a single beat resolution instead of steady state. Isolated
right ventricular rabbit trabeculae were stimulated using random cycle length
protocols at low and high baseline frequency, 1.43 and 2.86 Hz respectively.
Our data show that at both frequencies, the secondary/tertiary cycle lengths af-
fect cardiac twitch dynamics in the opposite direction than primary cycle length
with decreasing importance as the cycle length is further removed from the cur-
rent beat. Preliminary data show that both diastolic and systolic Ca2þ amplitude
are partially related to force. However, compared to the dramatic change in
force, change in the amplitude of calcium transient during the random cycle
length protocol occurs to a much less extent.
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Frequency Induced Alterations in Calcium Signaling
Kaylan Haizlip, Paul Janssen.
The Bowditch effect, otherwise known as the force frequency response, is a ma-
jor endogenous physiological regulator of the contractile function of the heart
where an increase in pacing frequency leads to an increase in force. This is crit-
ical in exercise, where the increase in activity elicits an increase in the delivery
of oxygenated blood to the rest of the body. Previous studies in our lab have
shown that at steady state, higher frequencies lead to a decrease in calcium tran-sient duration and alterations in the phosphorylation status of myofilament
proteins. In this study we aim to determine the regulatory modifications that
occur in contractile function, protein phosphorylation, and calcium handling,
during the transition in the intact cardiac muscle. Trabeculae, excised from
the right ventricular free wall of New Zealand white rabbits, are suspended
in Krebs-Hensleit solution and stimulated at 1Hz. Muscles were then incubated
at room temperature with Fluo-4 am calcium indicator dye at50uM for 30-
60 minutes. Dye loaded muscles were then stimulated to contract at 1 Hz
followed by 4 Hz over the course of 4 minutes. Increasing the frequency
from 1 to 4 Hz leads to an alteration in contractile function with a transition
phase occurring between steady-states. Functional data reveals that the transi-
tion phase is characterized by a fast response, in which there is a transient de-
crease followed by a rapid increase in contractile force, this is then proceeded
by a slow response, in which the contraction gradually increases in force until
reaching a steady-state at 4 Hz. Currently, we are obtaining calcium transient
data from the transition phase to correlate the effects of increasing frequency,
force, and calcium flux. Further studies are required to determine the effects of
frequency on post-translational modifications at these transitional phases.
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Yingying Su, Theresia Kraft, Jolanda van der Velden, Steven B. Marston,
Marja Steenman, Peter S. Macdonald, Sean Lal.
SPontaneous Oscillatory Contraction (SPOC) describes repetitive cycles of
rapid lengthening (relaxation) and slow shortening (contraction) observed in
small bundles of striated muscle cells (myocytes). SPOCs can be induced in
both skeletal and cardiac muscles. Here we describe SPOCs in human cardiac
muscle, and in particular focus on SPOCS from left ventricles. All samples
were frozen in liquid N either within minutes of the loss of the blood supply
to the heart (i.e. soon after the aorta was clamped), or within four hours of
surgical removal of non-failing hearts that were perfused with cardioplegic so-
lution, thus reducing post-mortem damage to inhibit spontaneous contractions.
SPOC is best considered as a third state that is intermediate to contraction and
relaxation. SPOC frequency (SPOC period) and shortening velocities correlate
well body size in various animals thus, SPOC is likely to reflect the physiology
of the heart as it functioned in life. Tiny samples (<1 mg) of human immobi-
lized cardiomyocytes are exposed to precise ionic conditions to induce SPOC.
SPOC cycles are recorded at 25 frames per second in bright field yielding high
spatial and temporal resolution information. Measurements of the mean rates of
shortening (systole) and lengthening (diastole), and of the SPOC periods enable
us to determine if SPOC parameters change with age in non-failing human
heart samples. We have examined non-failing heart left ventricular samples us-
ing donors from ages 3 weeks to 65 years. These hearts exhibit a range of heart
rates that correlate with donor age. We also used the SPOC technique to iden-
tify functional defects in samples from patients diagnosed with hypertrophic
cardiomyopathy (HCM) who had undergone cardiomyectomy of the enlarged
interventricular septum. We only examined patients with known genetic muta-
tions in cardiac sarcomeric genes.
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Mitochondrial Interactosome in Energy Metabolism in Healthy and
Cancer Cells
Marcela A. Gonzalez-Granillo, Minna Karu-Varikmaa, Merle Saarema¨e,
Lauriane Michel, Tuuli Kaambre, Valdur Saks, Rita Guzun.
In this study we investigated intracellular distribution of b-tubulin isotypes,
expression of mitochondrial creatine kinase (MtCK) and their roles in Mito-
chondrial Interactosome (supercomplex formed by ATP synthasom, ANT,
MtCK, VDAC-tubulin and other VDAC-linker proteins) in adult rat cardio-
myocytes, in cancerous HL-1 cells of cardiac phenotype and several other
cancer cells lines.
Immunofluorescent and western blot analysis of adult cardiac muscle cells
revealed the presence of all b-tubulin isotypes with the very regular localization
of tubulin II(b2) corresponding to mitochondrial ‘‘crystal like’’ pattern. Anti-
bodies against tubulin IV(b4) revealed characteristic staining of microtubular
network. Polymerized transversal lines of tubulin III(b3) matched with Z-lines
(alpha-actinin) fixing, probably, microtubular network to sarcomer structure.
Tubulin I(b5) distribution was diffusely spotted and fragmentary polymerized.
In cancer cardiac HL-1 and other cancer cell types MI remodelling is charac-
terized by the absence of II(b2). Additionally, these cells do not contain tubulin
IV(b4) isotype creating micro-tubular network in adult cardiomyocytes and
have diffusely distributed tubulin I(b5) and III(b3) isotypes. Other characteris-
tic of cancer cells was the absence of both sarcomeric and ubiquitous mitochon-
drial isoform of creatine kinase (MtCK). In cardiac cells respiration is
